Abstract: Surveys for symbiotic fungi in the guts of aquatic insect larvae (Trichomycetes: Harpellales) in Tasmania, Australia, resulted in the discovery of four new species: two in Gripopterygidae (Plecoptera) nymphs, Plecopteromyces leptoperlarum and P. trinotoperlarum, and two associated with Diptera larvae, Smittium magnosporum in Thaumaleidae and Stachylina dolichospora in Chironomidae. Previously described species of Harpellales from other localities are reported and new host records summarized. A key to all Tasmanian species of Harpellales is provided.
INTRODUCTION
Australia has numerous endemic insects, including many with aquatic immature stages. Associated with several of these aquatic insects is a broad diversity of symbiotic gut fungi, some of which also might be endemic, as well as others that have more cosmopolitan distributions and broader host ranges Williams 1990, 1992a, b, c; Williams and Lichtwardt 1993) . Here we describe four new species of Tasmanian Harpellales, extend the known distributions of previously described harpellids, document new host records and provide a summary and key to currently known species in Tasmania. Immature aquatic insects were collected from streams, pools or seeps using nets or sieves or picked directly from the substrate, then transported alive on ice to the laboratory where they were dissected under a stereo microscope and studied in water mounts using Nomarski or phase contrast optics at higher magnifications. Fungal specimens were photographed, prepared as semipermanent slides by infiltrating lactophenol cotton-blue under the cover slip and sealing with clear fingernail polish; attempts were made to culture some of them. Culturing was done on dilute braininfusion agar medium with an overlay of water to which was added a Penicillin-Streptomycin antibiotic mixture (Lichtwardt et al 2001) . Uncontaminated growth of the fungi subsequently was transferred to test tube slants without antibiotics and deposited in the University of Kansas Culture Collection. Type specimens of new species are deposited in the Farlow Herbarium (FH).
NEW TAXA Plecopteromyces leptoperlarum. M.C. Williams & Lichtwardt, Thalli sparsim ramosi, series longam trichosporarum producentes. Trichosporae 12-21 ϫ 2-4 m, curtae collare carentes, appendiculis duobus curtis interdum partim crispatis ornatae. Zygosporae ignotae. Thalli in proctodaeo nympharum Gripopterygidarum (Plecopterorum) affixi.
Thalli sparsely branched, producing long series of small trichospores without a collar, 12-21 ϫ 2-4 m, with two short appendages that sometimes are partially curled. Zygospores unknown. Attached to hindgut of Gripopterygidae (Plecoptera) nymphs.
Etymology. Named after the host genus, Leptoperla. This species is placed in the previously monotypic genus Plecopteromyces Lichtwardt, Ferrington & López Lastra, despite the lack of zygospores because of trichospore morphology and host (see discussion section). The type species, Plecopteromyces patagoniensis Lichtwardt, Ferrington & López Lastra, has trichospores measuring (25-)33(-42) ϫ 5-7 m and thus are considerably larger than trichospores of P. lepto- perlarum. This new species also might have been found by Williams and Lichtwardt in Victoria, Australia, at several sites, although without released trichospores it is not possible to ascertain the nature of the appendages and identify the species. The collection sites in Victoria were: Murray River at Tom Groggin picnic area, 14-III-87; Lilly Pilly Gully, Wilsons Promontory, 7-III-89; Growlers Creek, Wilsons Promontory, 8-III-89; and Nankervis's Bridge (Rawe's Creek?) crossing the road leading south to Oureo, 13-III-87.
Plecopteromyces trinotoperlarum M.C. Williams & Lichtwardt, Thalli series trichosporarum breves vel longas producentes. Trichosporae 21-30 ϫ 3-5 m, collare carentes, appendiculis duobus curtis interdum inter se adhaerentibus praeditae. Zygosporae ignotae. Thalli in proctodaeo nympharum Gripopterygidarum (Plecopterorum) affixi.
Thalli producing short or long series of trichospores without a collar, 21-30 ϫ 3-5 m, with two short appendages that sometimes adhere to each other. Zygospores unknown. Attached to hindgut lining of Gripopterygidae (Plecoptera) nymphs.
Etymology. Named after the host genus, Thalli haptero secreto praediti. Trichosporae longi-ellipsoidales, 36-47 ϫ 9-10 m. collare campanulato 9-10 ϫ 4-5. Zygosporae ignotae. Thalli in proctodaeo larvarum Thamaleidarum (Dipterorum) affixi.
Thalli with a secreted holdfast. Trichospores longellipsoidal, 36-47 ϫ 9-10 m, with a campanulate collar 9-10 ϫ 4-5 m. Zygospores unknown. Attached to hindgut lining of Thaumaleidae (Diptera) larvae. This large-trichospored Smittium most closely resembles Sm. longisporum M.C. Williams, Lichtwardt & S.W. Peterson known from Chironomidae larvae in USA and northern Sweden, whose trichospore measurements are recorded as (40-)46(-55) ϫ (6-)8(-10) m with a fusiform-ellipsoidal shape (Williams et al 1982) . The collar of Sm. longisporum, (10-)13(-17) ϫ 4 m, is on the average longer than that of Sm. magnosporum, from which emanates a long, well defined and characteristically zigzagged appendage, a feature not found in the less conspicuous appendage of Sm. magnosporum. Thalli 8-11 m diam by more than 400 m long. Trichospores (78-)93(-108) ϫ 8-10 m, with a collar ca. 2 m long, and a short, stout appendage with a terminal knob. Attached to peritrophic membrane in midgut of Chironomidae (Diptera) larvae.
Etymology. Greek dolichos ϭ long (spored).
Specimens examined. AUSTRALIA. Dale Creek at bridge of road west of West Creek, Tasmania, 19-VIII-96. Microscope slide 33-1-1 (Ferrington, lab note designation) (HO-LOTY PE: FH) from peritrophic membrane of Riethia sp., a Chironomidae (Chironominae: Pseudochironomini) larva from Site 33 (TABLE I) . Another larva from same site and genus as the Holotype.
This new Stachylina has trichospores longer than any other described species. The almost cylindrical shape is uncommon in the genus.
PREVIOUSLY DESCRIBED SPECIES AND AXENIC CULTURES
In addition to the new species described above other Harpellales have been collected in Tasmania. We have included all species known from Tasmania as a result of investigations by Ferrington and Hayford in 1996 and publications by Williams (1990, 1992b) (TABLE II) . Eight axenic cultures of three species were isolated successfully in 1996, as indicated in the following text.
Austrosmittium biforme Lichtw. & M.C. Williams (Lichtwardt and Williams 1992) This species was found in the hindgut of a Paraheptagyia sp. larva from Site 17 and a Cricotopus sp. larva from Site 32 (TABLE I) . A culture, 32-1-8, was obtained from a larva at Site 32. This culture was one of two Australian species used by Misra (2000) in a study of their growth, sporulation and pH tolerance. Originally thought to be an Australasian genus with two species in Australia Williams 1990, 1992b) and two in New Zealand , what appear to be species of Austrosmittium recently have been found in Orthocladiinae larvae in Kansas, USA (Ferrington and White unpubl) and unidentified larvae from Ontario, Canada (Strongman pers comm).
Harpella melusinae Léger & Duboscq, 1929 One of the most widespread species of Harpellales, H. melusinae can be found attached to the peritrophic membrane of larvae in many populations of Simuliidae (blackflies) around the world (but at present is unknown in Central or South America, where oth- er species of Harpella are common [Lichtwardt et al 2001] ). For instance, it appears to be capable of living in larvae of most species of blackflies in the southeastern United States (Beard et al 2003) . New reports from various species of Tasmanian Simuliidae include Sites 17, 36, 38 and 46. Manier, 1970 Another cosmopolitan species of Harpellales, Sm. culicis, has been found to inhabit larval hindguts of a number of Diptera families (Lichtwardt et al 2001) . In Tasmania 
Smittium culicis

Stachylina grandispora Lichtw., 1972
Stachylina grandispora commonly is found attached to the peritrophic membrane of Chironomus spp. and other bloodworms in many parts of the world. It was collected from Site 18 in a Chironomus sp. larva.
Stachylina thaumaleidarum Lichtw. & M.C. This is possibly a species endemic to Australian Thaumaleidae, having been found previously only in Victoria. Collections in Tasmania included Sites 35 and 49. Trichospores of the Tasmanian specimens measured 30-40 ϫ 9-11 m, whereas those in the original description from Victoria were (20-)26(-38) ϫ (5.5-)7(-8), thus the Tasmanian trichospores were somewhat wider. Nonetheless we believe they are the same species. Gripopterygidae (Plecoptera: Antarctoperlaria) is a family of stoneflies restricted to the Southern Hemisphere. In addition to the two new species of Plecopteromyces described above, we found at Sites 38 and 39 another two different harpellid species in Gripopterygidae nymphs that possibly belong to this genus but without sufficient information on their trichospore appendages to describe and name them at this time. Assigning the two new species, P. leptoperlarum and P. trinotoperlarum, to Plecopteromyces is based on trichospore morphology and host considerations. It will be necessary to find the unique turbinate zygospores of this genus described in the type species, P. patagoniensis from Argentina (Lichtwardt et al 1999) , to confirm the generic placement of these new species. As yet unreported (Ferrington et al pers comm) are four additional new species of Plecopteromyces that were found on South Island, New Zealand. This type of circumantarctic distribution suggests that both the hosts, which are endemic to their respective continents or islands, and their gut fungi might have had ancestral species on Gondwana and diverged vicariantly after the tectonic breakup of that ancient continent. The discovery of trichomycete species in larvae of several new host chironomids is of particular interest and requires more discussion. Slaymaker et al (1999) reviewed Chironomidae-Trichomycete associations and recorded an unidentified species of Smittium from a Riethia sp. larva (Table 5 , p 497) based on thalli growing in the hindgut. Growths of thalli, although extensive, lacked mature trichospores and zygospores and could not be identified. However, this provided the first recovery of a Trichomycete from the hindgut of a chironomid species of the tribe Pseudochironomini. Previously the only known Trichomycete of Pseudochironomini was Stachylina manicata M.C. Williams & Lichtw., from a Pseudochironomus larva collected in a cattail swamp bordering Flathead Lake, Montana, by Williams and Lichtwardt (1984) . The larva with thalli of Smittium in the hindgut reported by Slaymaker et al (1999) [Edwards] ). The presence of Austrosmittium biforme in larva of Paraheptagyia sp. increases the number of genera known to be associated with Diamesinae and represents the fourth species using Heptagyini as hosts, the previous records being Smittium simulii in Maoridiamesa sp. from New Zealand (Lichtwardt and Williams 1992) , Smittium cylindrosporum in Paraheptagyia cinerascens (Edwards) in Chile (Lichtwardt and Arenas 1996) and Argentina (Lichtwardt et al 1999) , and Smittium tronadorium Lichtw., Ferrington & López Lastra in Paraheptagyia sp. in Argentina (Lichtwardt et al 1999) . Austrosmittium biforme also was identified from Cricotopus sp. larvae at Site 32, and Sm. tronadorium and Sm. cylindrosporum also were identified from Cricotopus sp. larvae in Argentina, demonstrating additional instances of host sharing among species of Diamesinae-Orthocladiinae as discussed by Slaymaker et al (1999) .
Larvae of Podonomopsis sp. collected from Sites 30, 41 and 48 were infested with trichomycetes. Larvae from all three sites had small fungal growths, with few developing trichospores, attached at the extreme posterior edges of the hindgut. Larvae from Site 48 had nearly mature trichospores and a well developed horseshoe-shaped basal cell forming a holdfast typical of Smittium simulii, and these were the only fungal growths that could be identified. This trichomycete species infests a broad range of Diptera hosts, including Culicidae, Simuliidae, Thaumaleidae, Ceratopogonidae and Tipulidae. Slaymaker et al (1999) remarked that it had a correspondingly broad range of chironomid hosts and was the only species of trichomycetes to use hosts of Orthocladiinae, Chironomini, Tanytarsini and Diamesinae. Its occurrence in Podonomopsis sp. expands the known hosts to include a species in another subfamily, Podonominae, and further supports the observations of Slaymaker et al (1999) .
Immature thalli that could not be identified confidently were found in several additional genera of Chironomidae but are worthy of comment due to their unusual morphologies, host associations and/ or host habitats. The larvae and sample sites are: Eukiefferiella sp. Three species of trichomycetes are known from Eukiefferiella larvae, Smittium coloradense M.C. Williams & Lichtw. (1987) and Sm. ouseli M.C. Williams & Lichtw. (1984) , both isolated from larvae collected in the United States, and Smittium esteparum Ferrington, Lichtw. & López Lastra (1999) from larvae in Argentina. The developing trichospores of the growths within the hindgut of the Eukiefferiella sp. larva collected at Site 10 do not resemble trichospores of any of the trichomycetes recorded previously for this chironomid genus, and it appears that yet another species uses this genus as a host.
Larvae of Pseudosmittia sp. collected from a small rock pool above the high tide zone at Cole's Bay (Site 12) were infested in the hindgut, but no mature trichospores were present. Larvae of this chironomid genus show a wide variety of habitat preferences that varies by species, ranging from lakes and streams to semi-aquatic habitats to moist soils. The rock pool, although above the high tide zone, was influenced by ocean spray and brackish conditions. This represents the first record of a trichomycete using Pseudosmittia as a host and suggests that both the chironomid and the fungal species are tolerant of brackish habitats. Mosquito larvae collected from the same rock pools were infested with Smittium culicis. Similarly, larvae of Cricotopus sp. collected from small, brackish, rock pools above the high tide zone at Site 42 were infested with Sm. culicis. These larvae also had small thalli attached to the peritrophic membrane in the midgut but no developing trichospores, suggesting that at least one additional species of trichomycete is tolerant of brackish habitats.
A single larva of Paratanytarsus sp. collected at Site 30 had immature trichomycete thalli present in both the midgut and hindgut. Although not identifiable, they represent the first observations of trichomycetes using this genus as a host in the Southern Hemisphere and suggest two species of fungus are involved. A previous record of an unidentified species of Stachylina in a larva of Paratanytarsus sp. from Douglas County, Kansas, was published by Slaymaker et al (1999) .
Infested larvae of Thienemanniella sp. were collected at three sites. Larvae at Site 24 had immature trichomycete thalli attached to the peritrophic membrane. The thalli had a branching pattern unlike other species known to use this genus as a host and certainly represent a new genus. However there was insufficient material to develop a description. Other trichomycetes recovered from the midguts of Thienemanniella larvae are Stachylina minima Williams & Lichtwardt, a species that penetrates the peritrophic membrane of the midgut, and Stachylinoides arctata Ferrington, Lichtwardt & López Lastra, a eucarpic species that sometimes line the entire midgut of these small chironomid larvae (Lichtwardt et al 1999) . Both occur in larvae collected in Argentina. Slaymaker et al (1999) also reported an unidentified species of Stachylina in larvae of this host genus from Douglas County. Thienemanniella sp. larvae collected from Sites 36 and 37 had small, unidentifiable growths of immature thalli attached to the hindgut epithelium, representing the first recovery of a hindgut-inhabiting fungus from this host genus. The chironomid genus Stictocladius currently is known only from the Southern Hemisphere, where it shows a circumpolar distribution with species occurring in Chile, Argentina, Australia and New Zealand (Brundin 1966) . One larva collected at Site 35 was infested in both the midgut and hindgut with immature thalli that could not be identified, representing the first recovery of trichomycetes for this host genus in Tasmania. A previous record of an unidentified Smittium was provided by Slaymaker et al (1999) for larvae collected in Argentina.
This study extends our knowledge of the biodiversity, distribution and host specificity of Harpellales and supports the hypothesis that cospeciation might have occurred with some Chironomidae and perhaps other aquatic insect larvae such as the plecopteran family Gripopterygidae. Additional studies in Southern Hemisphere locations such as New Zealand or South Africa might provide data that strengthen our biogeographical concepts and support or refute the apparent endemicity of Harpellales species currently known only from Australia.
